For solar thermal combisystems, different storages and corresponding charging and discharging concepts are available, e.g. with immersed or external heat exchangers and/or internal or external stratification concepts. In several publications the effect on the system performance is discussed based on simulations and/or test sequences which are representing constricted operating conditions (Han, 2009; Logie, 2010; Lohse, 2010) . To achieve a more compelling assessment based on experiments, a combisystem with four different storage and storage integration concepts were tested under realistic load conditions, using the Concise Cycle Test (CCT) method. The common features of all tested systems are the auxiliary heater and the solar collectors as well as the storage volume. Different hydraulic schemes were used for the systems tested to connect these components with the storage. Both immersed and external heat exchangers were used for charging (by the solar collectors) and discharging (domestic hot water preparation) the storage.
The experiments revealed a considerable range of annual fuel consumption (+/-5 %) to cover an identical load, although only the charging and discharging strategies at the storage has been changed whereas the components for heat supply and the energy demand were identical. In the system configurations tested, the integration of the condensing heating oil fired boiler turned out to be particularly important because the utilisation of latent heat (condensation) is strongly dependent to the resulting return temperatures of the boiler.
Furthermore it was shown that the integration of a stratification device for volume flows entering the store leads to a fuel reduction, even in a system whose hydraulic scheme and control strategy were optimised to charge and discharge the thermal energy store according to the storage temperatures.
The system that uses an immersed coil heat exchanger for domestic hot water preparation had to keep a particularly large part of the thermal energy store at high temperatures to be able to cover the comfort requirements. In the case investigated, in combination with a store that has considerable heat losses this led to a less efficient system (-5 %) compared to tests with a buffer store and external domestic hot water heat exchanger.
Motivation
The challenge of systems that combines solar energy with conventional energy sources for combined domestic hot water (DHW) preparation and space heating (SH) is to integrate two different heat sources into a single system that covers the comfort requirements in a reliable and cost-effective way. In that context, the thermal energy store (TES) and its charging and discharging strategy is decisive because it influences the operation conditions and thus the performance of the other components (namely the solar collectors and the auxiliary heater). According to this, an isolated test of the TES is likely not to reveal the overall system performance. Instead of that, it is conducive to test complete systems to draw a comparison of different storage concepts. Furthermore, the tests should allow an assessment on a yearly basis rather than describing only some of the occurring system operating conditions.
Method
For the experimental analysis of the systems, a dynamic test cycle called the Concise Cycle Test (CCT) has been used (cf. Vogelsanger, 2002) . There, the boundary conditions of climate and a typical load from a reference year are applied in a 12-day test cycle (where every day represents a month in the Swiss Midlands climate) to emulate realistic conditions. The combisystem must be installed completely on the test rig just as it would be installed in a commercial situation (e.g. a single family house). Only the collector is not installed but emulated using an electrical heating and cooling circuit so that the realistic collector output is delivered to the system for each timestep. The system must completely act autonomously to cover the heat demand of the building and the draw-offs. The decisive quantity that is used to characterise the system performance later on is the measurement of the auxiliary energy consumption. Figure 1 shows the concept of laboratory testing with the CCT method. The scaling of the performance indicators of the 12-day period to annual indicators would not lead to precise results because of the thermal capacites of the TES and the virtual building. Therefore, subsequent to the physical test sequence the acquired data are used to validate a system simulation model that is further used to evaluate the system in light of annual performance summaries. The simulations were performed using the simulation program TRNSYS (Klein et al., 2000) .
Systems tested
The common features of all tested systems are the parameters and characteristic of the auxiliary heater and the solar collectors. The system integration of these components has been solved with differing specific hydraulic schemes in the systems tested. Thereby, both immersed and external heat exchangers were used in the charging (by the solar collectors) and discharging (DHW preparation) of the store.
Components of the systems tested
Two different thermal energy stores (TES) have been investigated in this work. TES-A is a buffer store with no immersed coil heat exchangers (IHX). All incoming flow rates enter TES-A through an internal stratification device. In contrary, TES-B contains two IHX: One for DHW preparation (containing drinking water) and one for charging the TES with the solar collectors (containing a water/glycol mixture). The physical parameters are shown in Table 1 . In all tests an identical auxiliary heater was used. The device used is a condensing oil fired boiler with a continuous power modulation in the range of 5 to 15 kW with both the boiler circuit pump and the controller integrated. Table 2 shows the specification of this boiler. The solar collectors are emulated by the test rig according to a real-time simulation with TRNSYS that takes both the climatic conditions (radiation and temperature) and the real measured data of the return temperature and flow rate into account. It emulates the operation and the non-operation conditions. The coefficients of the efficiency curve of the 15 m 2 flat plate collector field are:
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Hydraulic schemes
In total, four different systems have been tested with the CCT method. TES-A has been used for the tests #1 to #3 with different hydraulic schemes, and TES-B was assembled in test #4. For test #3, a modified version of TES-A has been used where the internal stratification device has been removed.
System Test #1
The hydraulic scheme used for the first test was kept as simple as possible while using TES-A. Each hydraulic circuit was connected to the store with two ports for the supply and return line. All volume flows enter the TES through a stratification device. Where necessary an external HX was used to separate fresh water or brine from the water in the TES (see Figure 2) . If the temperature of the water in the TES is not sufficient to cover the heat demand for SH and DHW preparation the TES is charged by the auxiliary heater. The control is set to allow operation only with nominal power (no power modulation). Both the hydraulic schema and the control strategy are intended to allow a user-friendly installation and a wide variability (e.g. connection of different auxiliary heaters, different heating loads).
System Test #2
Again, TES-A is the core element of test #2. All circuits are connected directly to it. Thus, the auxiliary heater can still not deliver heat directly to the SH loop, but instead of that the TES must be charged. In contrary to test #1 the auxiliary heater is connected with specific ports for charging the upper part of the TES (for DHW preparation) with high temperature or the part of the TES that is reserved for SH with a set temperature according to the heating curve. Switching between the operating modes is realised with two three-way valves (see Figure 3 ) that switches both the return and the flow line. The control of the auxiliary heater allows a power modulation to reach the respective set temperature (with a fixed flow rate). The changes were implemented as an intermediate step to get to system test #3.
System Test #3
Both the concept and the hydraulic scheme from test #3 correspond to that of test #2. The only difference is that in test #3 all stratification devices in TES-A have been removed (see Figure 4) . By integrating the threeway valves, the flow rates are, however, guided in advance to the part of the TES with the corresponding temperature. The core question to be answered was whether a hydraulic optimisation such as implemented in test #2 is leading to equally good or even better results compared to test #1.
System Test #4
The system concept investigated in test #4 differs from the systems described above due to the deviating storage specification of TES-B that has been used for test #4. The hydraulic scheme was adapted (see Figure  5 ) according to the concept of TES-B: The solar heat is transferred to the water of the TES by an IHX. The flow through the collector is controlled by the control unit and the variable speed pump. DHW preparation is implemented with a second IHX containing fresh water. A thermostatic mixing valve prevents excessively high water temperatures at the tap. The capacity of the IHX allows the storage of small to medium amounts of DHW. Large draw-off volumes are heated in continuous flow. If the temperature of the water in the upper part of the TES is not sufficient to assure the required DHW temperature the auxiliary heater is started to charge the TES. As in all other system tests, the SH is heat coming from the middle part of TES-B, if available (i.e. heated by the solar input). If the temperature of the water in this part of the TES is lower than the set-temperature according to the heating curve, the auxiliary heater is started (this is also the case for system tests #2 to #4, but not for #1). The supply line of the heater is connected directly to the SH circuit. In contrary to all other systems investigated, in system #4 the heat for SH is then only coming directly from the auxiliary heater. Because the pump in the burner has a higher flow rate than the SH circuit pump, the SH part of the TES is then loaded with excessive heat from the burner (until the set temperature is reached so that the burner is stopped and the heat for SH is again coming from the storage).
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Results
In this chapter both the results of physical test sequences and annual system simulations are described.
Result of physical test sequences
The experimental results of the 12-day tests are summarized in Table 3 . To compare the individual tests a socalled energy utilisation ratio was calculated according to eq. 1. With consideration of the input of electric energy the energy utilisation ratio is calculated with eq. 2. For the evaluation in this paper, the electric energy was weighted with the primary energy factor F el = 3.
The experimental part of the examination shows the functionality of the system and allows a detailed evaluation of the performance. For a direct comparison of the results of each test it has to be noted that the cumulative energy demand for SH in the various tests is not exactly the same. The energy delivered to the building varies between 508 kWh in test #1 to 533 kWh in test #3, with the corresponding effect to the room temperatures. Also, the energy consumption for DHW varies between the external DHW-HX (tests #1, #2 and #3 had an identical energy consumption of 92.1 kWh) and the IHX (88.6 kWh in test #4). For the calculation of the DHW energy consumption both the energy drawn at or above the required temperature was evaluated as well as the energy taken from the storage before the required temperature was reached at the tap.
Not only the energy consumption for DHW and SH varies in the various tests but also the energy input by consuming heating oil and electricity. They range from 479 kWh to 508 kWh (heating oil) or from 15 kWh to 18 kWh (electricity). Nevertheless, to compare the tests of the system concepts the energy utilisation ratio has been used. Here, a difference between systems that uses TES-A and that one using TES-B is clearly visible (the auxiliary heater and the collectors are identical). While the energy utilisation ratio ranges from 123 % to 130 % (ζ S,fuel ) with TES-A the system using TES-B reaches 119 %. When considering the energy input through electricity the difference becomes smaller due to the lower electric consumption in test #4.
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The storage temperatures measured during the four CCTs are shown in Figure 6 . The temperatures were measured with eight sensors distributed evenly over the height of the respective TES. The measured data of test #1 shows that the temperature profile in the store is good according to the functions of each area. The upper part of the TES is sufficiently hot for DHW preparation while in the lower part enough water is kept with low temperatures to operate the solar collectors efficiently. The changes in the charging strategy with auxiliary energy in test #2 and test #3 led to a slightly increased storage temperature in the lower part of the TES (except for days 7 to 10 when this is less important) because the return line of the boiler for SH is positioned in the lower part. In test #4 it can be seen that the DHW part of the TES is larger compared to the previously tested systems. Table 4 . Besides the energy utilisation ratio that is calculated for the system, a energy utilisation ratio was calculated for the auxiliary boiler according to eq. 3, where Q water is the amount of energy balanced on the water side of the boiler and Q fuel is the energy input through heating oil. This was not possible during the 12-day test because the tested systems were not equipped with additional sensors that may affect the system performance (e.g. due to an increased pressure drop). With the help of simulations, these parameters can now be determined.
The difference between system #1 and system #2 is the strategy to load the TES with heat from the auxiliary boiler. Through the implementation of two three-way valves a reduction was reached of the annual fuel consumption of 1.6 %. The energy utilisation ratio of the boiler is improved from 97.7 % to 100.1 % due to the lower return temperature while loading the SH part of the TES. The difference between system #1 and system #2 is the strategy to load the TES with heat from the auxiliary boiler. Through the implementation of two three-way valves a reduction was reached of the annual fuel consumption of 1.6 %. The energy utilisation ratio of the boiler is improved from 97.7 % to 100.1 % due to the lower return temperature while loading the SH part of the TES.
In system test #3 the stratification device in TES-A had been removed. Due to the hydraulic optimisation carried out for test #2 in contrary to test #1 an external stratification is implemented. Nevertheless, the fuel consumption in test #3 without the stratification device is higher (+ 2.4 %) compared to test #2.
In accordance to the physical tests, the annual system simulation of system #4 (with TES-B) shows the lowest energy utilisation ratio on system level (ζ S,fuel ), even though the boilers energy utilisation ratio reaches 99.5 %. The fuel consumption amounts to 17.4 MWh (compared to 16.5 MWh with the best configuration of TES-A). 
Discussion
The measurements revealed a difference between the discharging of the TES for DHW preparation with an external DHW-HX (used in the tests #1, #2 and #3 with TES-A) and the IHX used in test 4 (TES-B). The energy consumption with the IHX was noticeably lower due to a shorter time to reach the set-temperature for DHW (compare Table 3 ). However, this must be looked at in relation to the larger volume in TES-B which is reserved for DHW-preparation in test #4 and the resulting higher storage temperatures (compare Table 3 and Figure 6 ), particularly with the effect of higher losses to the ambient of test #4.
The charging strategy with auxiliary energy in test #1 led to a very good temperature distribution in the TES with a large volume with low temperatures in the lower part of the TES. By the use of the modified charging strategy with auxiliary energy in test #2, the temperature distribution was negatively affected (compare Figure 6) . Nevertheless, the modified charging strategy led to an improved energy utilisation ratio (compare Table 4 , 116.7 % vs. 118.7 %). The reason is an improved efficiency of the auxiliary boiler by the lower return temperatures resulting in higher condensation gains (97.7 % vs. 100.1 %). However, the hydraulic scheme and the control strategy of the auxiliary boiler implemented in test #2 means considerably more effort in the planning and installation of the system in comparison to test #1. Especially the power control and the regulation of the set-temperatures in relation to the storage temperatures are difficult to apply and comprises an increased potential for errors.
Summary and Conclusion
The examination of system #1 showed that this is an efficient system concept that covers the heat demand for SH and DHW in a reliable way. The installation and commissioning is straightforward, the hydraulic scheme and the control is comparably easy to understand and to implement.
Changing the strategy for charging the TES with auxiliary energy in test #2 led to a significant improvement in the efficiency of the system, although the temperature distribution in the TES was not as good as in test #1. In particular, the annual efficiency of the condensing boiler could be increased.
In a system whose hydraulic scheme and control strategy was optimised to charge and discharge the TES according to the storage temperatures (test #3) the utilisation of an stratification device in the TES was still leading to a reduction of the fuel consumption by 2 % (comparing system test #3 with #2).
The system concept used for test #4 kept a particularly large part of the TES at high temperatures to be able to cover the comfort requirements for DHW with the IHX. In the investigations presented in this paper, this led to a less efficient system compared to previous tests with a buffer store and external DHW-HX. However, a better comparison can only be done for system concept #4 when the effect of the differing heat losses can be excluded.
The investigations presented in this paper are providing a deeper insight in the effect of charging and discharging strategies of thermal energy stores on the system efficiency, mainly based on comprehensive dynamic system tests and validated annual simulations. Still, for the comparison and the assessment of the different concepts that have been investigated not only the resulting technical measures but also the costs and the error rate potential of the installation and the commissioning of the systems have to be considered.
